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S U M M A R Y
Background: To explore the impact of passive smoking, cooking with solid fuel, mannose-binding lectin
(MBL) gene, MBL-associated serine proteases 2 (MASP-2) gene, and gene–environment interactions on
the susceptibility to tuberculosis (TB) in non-smokers.
Methods: A total of 205 TB patients and 216 healthy controls were recruited to participate in this case–
control study. PCR with sequence-speciﬁc primers (PCR-SSP) technology was leveraged to genotype
rs7096206 of MBL genes and rs2273346 and rs6695096 of MASP-2 genes. Demographic data and
information on exposures of participants were collected. Unconditioned logistic regression analysis was
conducted to identify associations between the various factors and TB, and marginal structural linear
odds models were used to estimate the interactions.
Results: Passive smoking and cooking with solid fuel were associated with the risk of TB, with odds ratios
(OR) of 1.58 and 2.93, respectively (p < 0.05). Genotype CG at rs7096206 of MBL genes (OR 2.02) and
genotype TC at rs6695096 of MASP-2 genes (OR 1.67) were more prevalent in the TB patients than in
healthy controls (p < 0.05). The relative excess risk of interaction (RERI) between rs7096206 of MBL
genes and passive smoking or cooking with solid fuel exposure was 1.86 (95% conﬁdence interval (CI)
0.59–3.16) and 2.66 (95% CI 1.85–3.47), respectively. The RERI between rs6695096 of MASP-2 genes and
cooking with solid fuel exposure was 3.70 (95% CI 2.63–4.78), which was also a positive interaction.
However, the RERI between rs6695096 of MASP-2 genes and passive smoking was not statistically
signiﬁcant.
Conclusions: Passive smoking, cooking with solid fuel, and polymorphisms of MBL (rs7096206) and
MASP-2 (rs6695096) genes were associated with susceptibility to TB in non-smokers, and there were
gene–environment interactions among them. Further studies are needed to explore details of the
mechanisms of association.
 2014 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/3.0/).
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More and more studies have revealed that after controlling for a
series of potential confounding factors, smoking remains an
independent risk factor for tuberculosis (TB), and that the risk of
TB increases with increments of smoking.1,2 Both passive smokers* Corresponding author. Tel.: +86 731 88858435; fax: +86 731 84805454.
E-mail address: tanhz99@qq.com (H. Tan).
http://dx.doi.org/10.1016/j.ijid.2014.08.010
1201-9712/ 2014 The Authors. Published by Elsevier Ltd on behalf of International So
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).and smokers are exposed to tobacco smoke, but there is a
difference in the amount of exposure. According to a meta-analysis
conducted by Lin et al.,3 there is poor consistency for the
association between passive smoking and TB among different
populations. Additionally, adolescents might be particularly
susceptible to the effects of secondhand smoke.4 However, some
studies hold that passive smoking may increase the risk of
Mycobacterium tuberculosis infection among children only when
one or more family members suffer from TB in a household.5
Currently, there are only a few studies reporting an increasing TBciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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identify passive smoking as a risk factor for TB. Further studies
need to be conducted.
Recently, the impact of indoor air pollution on TB has attracted
public attention.7–10 There are two main types of indoor air
pollution: indoor secondhand smoke and kitchen smoke. For the
second type, current attention has been drawn to the impact of
heating fuel smoke on TB, while the impact of cooking with solid
fuel on TB has largely been ignored. Further, research into fuel
smoke exposure has generally neglected the contribution of the
location of fuel combustion and the structure of the building to
indoor air pollution. Also, time spent indoors has a signiﬁcant
impact on fuel fume exposure. Therefore, inaccuracies are
inevitable when estimating the actual exposure of different
family members.
Mannose-binding lectin (MBL) and MBL-associated serine
proteases 2 (MASP-2) are important proteins in the lectin pathway
of the immune system. Studies have suggested that polymorphism
of MBL gene rs7096206 (221, Y/X) affects the serum MBL
concentration.11–13 Mutation of MBL gene rs7096206 (221, Y/X)
can lower the serum MBL level.11 Conclusions are contradictory in
terms of the impact of low levels of serum MBL on tubercle bacilli
infections. Some studies have found that low levels of serum MBL
could reduce tubercle bacilli infections,14,15 while another has
suggested the opposite.16 The results of association studies on
rs7096206 and the risk of TB are also inconsistent among
studies.16,17 Therefore it remains necessary to investigate its
relationship with TB in the Chinese population.
MASP-2 gene mutation also facilitates changes in the serum
concentration of MASP-2, and results in impaired binding with
MBL and ﬁcolin molecules, consequently blocking the lectin
pathway of complement activation and resulting in impaired
non-speciﬁc immune system functioning.18,19 Mutation of MASP-2
gene rs2273346 (p.V377A) can also lower the serum MASP-2
level.18 Polymorphism of MASP-2 genes is associated with
susceptibility to hepatitis C virus infection and cardiomyopathy
in chronic Chagas disease.20–22 It is not clear whether mutation of
MASP-2 gene rs2273346 can lead to increased susceptibility to TB.
rs6695096 is located at intron 7 of the MASP-2 gene. Its mutation
will not affect the amino acid sequence. However, mutation of the
intron may affect gene regulation and selective splicing regula-
tion.23,24 Consequently rs6695096 may also affect the serum
concentration of MASP-2 and inﬂuence the susceptibility to TB.
This study explored the impact of passive smoking, cooking
with solid fuel, rs7096206 of MBL genes, rs2273346 and rs6695096
of MASP-2 genes, and gene–environment interactions on the
susceptibility to TB in non-smokers.
2. Materials and methods
2.1. Sources of cases
A two-step stratiﬁed sampling was conducted to randomly
select cases. First, four county-level centers for disease control
(CDCs) (i.e., Qidong County CDC, Yueyanglou District CDC, Yueyang
County CDC, and Hongjiang City CDC) were chosen using a random
number table containing 122 counties/cities/districts in Hunan
Province. Next, cases were selected randomly from all new TBTable 1
Primer site sequences of MBL and MASP-2 genes
Mutant Sense primer 
rs7096206 50 TGGGTTGGTGACTAAGGT 30
rs2273346 50 CAGTAGCAGCAGAGGGAG 30
rs6695096 50 TCTGTAAACTGCCTGTCC 30patients registered in 2009 in the four county-level CDCs. All cases
were TB patients with disease conﬁrmed using the TB diagnosis
criteria developed by the Chinese Ministry of Health25. All
smoking patients were excluded from participation in the study.
2.2. Sources of healthy controls
Controls were selected following a stratiﬁed sampling strategy
similar to that used for cases. First, one community health service
center (i.e., Xingang Community Health Service Center) was
selected using a random number table containing 14 community
health service centers in Kaifu District, Changsha City. Next, one of
the six communities (i.e., Xin’ansi Community) covered by the
Xingang Community Health Service Center was selected randomly.
Finally, all eligible controls were selected randomly from the
permanent residents of the Xin’ansi Community. Eligible controls
were those who had never smoked, who had a history of
M. tuberculosis contact (with a bacille Calmette–Gue´rin (BCG) scar
and average diameter of puriﬁed protein derivative (PPD)
induration 10 mm; for those without a BCG scar and without a
history of BCG vaccination, the average diameter of PPD induration
was 5 mm), and no abnormalities on chest X-ray.
After each subject had signed a written informed consent
form, an in-house questionnaire was used to collect data.
Ethylenediaminetetraacetic acid (EDTA) anticoagulant tubes
were used to collect 5-ml venous blood samples, which were
stored in a refrigerator at 4 8C. A blood DNA small kit was used
to extract the peripheral white blood cell genome (Shanghai
Sangon Biotech Co., Ltd).
Exposures to secondhand smoke and solid fuel fumes from
cooking were self-reported in the questionnaire. A never-smoker
was deﬁned as a person who had never smoked as much as one
cigarette a day or the equivalent for the duration of 1 year.6 The
questionnaire collected information on exposure to secondhand
smoke at multiple places (home, workplace, restaurant, etc.) and
the frequency of exposure (number of days exposed per week). We
deﬁned passive smoking4 as exposure to secondhand smoke at
home, in the workplace, or at a restaurant, etc. With regard to fuel
exposure, solid fuel (coal and biomass) included coal/lignite,
charcoal, wood, straw/shrubs/grass, animal dung, and agricultural
crop residue; non-solid fuel included electricity, liqueﬁed petro-
leum gas, natural gas, biogas, and kerosene. An individual who was
responsible for cooking in his/her household using solid fuel was
classiﬁed as cooking with solid fuel.
2.3. Genotyping
PCR with sequence-speciﬁc primers (PCR-SSP) was used to
genotype rs7096206 of MBL genes, as well as rs2273346 and
rs6695096 of MASP-2 genes. The site sequence of rs7096206 of
MBL genes and rs2273346 and rs6695096 of MASP-2 genes were
identiﬁed in GenBank. Primers were designed using Primer
Premier 5.0; the speciﬁcity was veriﬁed using BLAST software of
the US National Center for Biotechnology Information (NCBI). All
primers were synthesized by Shanghai Sangon Biotech Co. Ltd
(Table 1). The PCR reaction system was 20 ml, including 10 ml
mixture, 0.8 ml gDNA, 0.4 ml upstream primers, 0.4 ml down-
stream primers, and 8.4 ml ddH2O. The reaction conditions wereAnti-sense primer Enzyme
50 GGTAGGCACTATGATGAGC 30 Btg I
50 CCAGGAGTGTCGGGATTA 30 Sfc I
50 ACTACTCCGTAATCCAAG 30 HpyCH4 III
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60 s), and 72 8C extension for 5 min.
The enzyme digestion reaction system was 10 ml, including
2 ml PCR product, 1 ml 10 buffer, 0.5 ml corresponding
restriction endonuclease, and 6.5 ml ddH2O. This was stored at
37 8C overnight. The 5-ml enzyme-digested product was applied
to 3% agarose gel (containing 0.5 mg/ml ethidium bromide). The
electrolytic buffer solution was 0.5 Tris–borate–EDTA (TBE)
solution; the voltage for sample application was 120 V and
electrophoresis was carried out for 40 min. A gel imaging
processing system was used to observe the results of electro-
phoresis, to determine the genotype, and take photographs.
2.4. Statistical analysis
Epidata 3.0 was used to input data and SAS 9.2 was used to
analyze the data. The Chi-square test was conducted to compare
grouped data and detect Hardy–Weinberg equilibrium. Logistic
regression was used for multivariate analysis. To control for
possible confounders, we conducted multivariate unconditioned
logistic regression analysis using whether the case was a TB
patient or not as the dependent variable and passive smoking,
cooking with solid fuel, rs7096206 of MBL genes, and rs2273346
and rs6695096 of MASP-2 genes as the independent variables.
Control variables were sex, age, marital status, educational
background, body mass index (BMI), alcohol drinking, tea
drinking, and kitchen ventilation facilities; these have been
associated with susceptibility to TB by other researchers.26,27
Marginal structural linear odds models28 were used for the point
and interval estimation of the relative excess risk of the
interaction (RERI).Table 2




Male 80 39.02 
Female 125 60.98 
Age, years
19–30 36 17.56 
31–50 87 42.44 
51–70 63 30.73 
71–84 19 9.27 
Marital status
Married 152 74.15 
Other 53 25.85 
Educational background
Primary school or below 84 40.98 
Junior high school 69 33.66 
Senior high school or above 52 25.37 
BMI, kg/m2
<18.5 83 40.49 
18.5–24.9 113 55.12 
25 9 4.39 
Tea drinking
No 104 51.23 
Yes 99 48.77 
Alcohol drinking
No 185 91.13 
Yes 18 8.87 
History of BCG vaccination
No 163 79.51 
Yes 42 20.49 
Kitchen ventilation facilities
Available 125 60.98 
Unavailable 80 39.02 
TB, tuberculosis; OR, odds ratio; CI, conﬁdence interval; BMI, body mass index; BCG, b
a p < 0.05.3. Results
The study participants included 205 TB patients and 216 healthy
controls. The TB patient group and the healthy control group
exhibited no statistically signiﬁcant differences (p > 0.05) in age,
educational background, or alcohol drinking. Differences in sex,
marital status, BMI, tea drinking, history of BCG vaccination,
and kitchen ventilation facilities were statistically signiﬁcant
(p < 0.05) (Table 2).
According to univariate analysis, passive smoking and cooking
with solid fuel were associated with the risk of TB, with odds
ratios (OR) of 1.58 and 2.93, respectively. Examples of gel
images from PCR results are provided in the Supplementary
Material. Genotype CG at rs7096206 (compared with genotype CC)
and genotype TC at rs6695096 (compared with genotype TT)
were associated with the risk of TB; the ORs were 2.03 and 1.61,
respectively. However the mutation at rs2273346 was not
associated with susceptibility to TB. The results of multivariate
unconditioned logistic regression indicated that passive smok-
ing, cooking with solid fuel exposure, rs7096206 of MBL genes,
and rs6695096 of MASP-2 genes were associated with suscepti-
bility to TB. Passive smoking (OR 1.51), cooking with solid
fuel (OR 2.78), genotype CG at rs7096206 of MBL genes (OR 2.02),
and genotype TC at rs6695096 of MASP-2 genes (OR 1.67) were
more prevalent in the TB patients than in healthy controls
(p < 0.05) (Tables 3 and 4).
For further analysis, we used marginal structural linear odds
models to examine the interactions between passive smoking or
cooking with solid fuel exposure and rs7096206 of MBL genes
and rs6695096 of MASP-2 genes. Sex, age, marital status,
educational background, BMI, alcohol drinking, tea drinking,ontrols
Healthy controls OR (95% CI)
n %
114 52.78 Reference
102 47.22 1.74 (1.18–2.57)a
44 20.37 Reference
80 37.04 1.32 (0.77–2.26)
53 24.54 1.45 (0.82–2.57)
39 18.06 0.59 (0.29–1.20)
140 64.81 Reference
76 35.19 1.55 (1.02–2.36)a
97 44.91 Reference
63 29.17 0.79 (0.50–1.23)
56 25.93 0.93 (0.57–1.50)
71 32.87 Reference
123 56.94 0.78 (0.52–1.18)
22 10.19 0.35 (0.15–0.80)a
89 41.20 Reference
127 58.80 0.66 (0.45–0.98)a
195 90.28 Reference
21 9.72 0.90 (0.47–1.75)
147 68.06 Reference
69 31.94 0.54 (0.35–0.85)a
99 45.83 Reference
117 54.17 0.54 (0.37–0.80)a
acille Calmette–Gue´rin.
Table 3
Passive smoking and cooking with solid fuel in TB patients versus healthy controls
TB patients Healthy controls cOR (95% CI) aOR (95% CI)a
n % n %
Passive smoking
No 84 40.98 113 52.31
Yes 121 59.02 103 47.69 1.58 (1.07–2.32)b 1.51 (1.02–2.26)b
Cooking with solid fuel
No 62 30.24 121 56.02
Yes 143 69.76 95 43.98 2.93 (1.96–4.38)b 2.78 (1.81–4.28)b
TB, tuberculosis; cOR, crude odds ratio; aOR, adjusted odds ratio; CI, conﬁdence interval; BMI, body mass index; BCG, bacille Calmette–Gue´rin.
a A multivariate logistic regression model was used to adjust for the covariates of sex, age, marital status, educational background, BMI, alcohol drinking, tea drinking, BCG
vaccination, and kitchen ventilation facilities.
b p < 0.05.
Table 4
MBL and MASP-2 gene polymorphisms in TB patients versus healthy controls
TB patients Healthy controls cOR (95% CI) aOR (95% CI)a
n % n %
rs7096206
CC 123 60.00 159 73.61 1 1
CG 77 37.56 49 22.69 2.03 (1.32–3.11)b 2.02 (1.29–3.16)b
GG 5 2.44 8 3.70 0.81 (0.25–2.53) 0.93 (0.28–3.09)
rs2273346
TT 137 66.83 139 64.35 1 1
TC 56 27.32 63 29.17 0.90 (0.58–1.38) 0.92 (0.58–1.45)
CC 12 5.85 14 6.48 0.87 (0.38–1.94) 0.97 (0.41–2.25)
rs6695096
TT 128 62.44 155 71.76 1 1
TC 72 35.12 54 25.00 1.61 (1.05–2.46)b 1.67 (1.08–2.60)b
CC 5 2.44 7 3.24 0.86 (0.26–2.79) 1.14 (0.34–3.81)
TB, tuberculosis; cOR, crude odds ratio; aOR, adjusted odds ratio; CI, conﬁdence interval; BMI, body mass index; BCG, bacille Calmette–Gue´rin.
a A multivariate logistic regression model was used to adjust for the covariates of sex, age, marital status, educational background, BMI, alcohol drinking, tea drinking, BCG
vaccination, and kitchen ventilation facilities.
b p < 0.05. For Hardy–Weinberg equilibrium detection, p > 0.05.
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were adjusted. After the adjustment, the RERI between
rs7096206 of MBL genes and passive smoking or cooking with
solid fuel exposure were 1.86 (95% conﬁdence interval (CI)
0.59–3.16) and 2.66 (95% CI 1.85–3.47), respectively, which
suggests positive interactions between these loci and the two
risk factors of interest (Table 5). The RERI between rs6695096 of
MASP-2 genes and cooking with solid fuel exposure was 3.70
(95% CI 2.63–4.78), which was also a positive interaction
(Table 6). However, the RERI between rs6695096 of MASP-2
genes and passive smoking was not statistically signiﬁcant
(0.26; 95% CI 0.38 to 0.90).Table 5
Impact of interactions between passive smoking, cooking with solid fuel, and
rs7096206 on TB incidence
rs7096206 cRERI aRERI (95% CI)a
CC CG + GG
Passive smoking
No 1 1.39 1.33 1.86 (0.59–3.16)b
Yes 1.31 3.03
Cooking with solid fuel
No 1 1.64 2.01 2.66 (1.85–3.47)b
Yes 2.74 5.39
TB, tuberculosis; cRERI, crude relative excess risk of interaction; aRERI, adjusted
relative excess risk of interaction; CI, conﬁdence interval; BMI, body mass index;
BCG, bacille Calmette–Gue´rin.
a A multivariate logistic regression model was used to adjust for the covariates of
sex, age, marital status, educational background, BMI, alcohol drinking, tea
drinking, BCG vaccination, and kitchen ventilation facilities.
b p < 0.05.4. Discussion
This study indicates that passive smoking is a risk factor for TB
(OR 1.51, 95% CI 1.02–2.26), which conﬁrms the conclusions of a
previous meta-analysis performed in 2007.3 However, a cohort
study in Taiwan in 2013 found no association between passive
smoking and TB4. Nonetheless, previous biological studies have
provided possible explanations for the association between
smoking and TB. Tobacco contains nicotine, tar, nitrosamines,
carbon monoxide, nitric oxide, and other hazardous substances.
These hazardous substances can activate inﬂammatory cells
within the lungs and generate cytokines. The latter can in turnTable 6
Impact of interactions between passive smoking, cooking with solid fuel, and
rs6695096 on TB incidence
rs6695096 cRERI aRERI (95% CI)a
TT TC + CC
Passive smoking
No 1 1.131 0.026 0.26 (0.38 to 0.90)
Yes 1.261 1.958
Cooking with solid fuel
No 1 1.34 1.81 3.70 (2.63 to 4.78)b
Yes 2.70 4.85
TB, tuberculosis; cRERI, crude relative excess risk of interaction; aRERI, adjusted
relative excess risk of interaction; CI, conﬁdence interval; BMI, body mass index;
BCG, bacille Calmette–Gue´rin.
a A multivariate logistic regression model was used to adjust for the covariates of
sex, age, marital status, educational background, BMI, alcohol drinking, tea
drinking, BCG vaccination, and kitchen ventilation facilities.
b p < 0.05.
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nitric oxide synthase (iNOS), thus resulting in an excessive amount
of NO and endothelial injury.29 Meanwhile, NO can react with
superoxide anion and generate peroxynitrite ion and peroxyni-
trite;30 the former is a strong oxidant and the latter has
cytotoxicity. Both can induce lipid peroxidation and hamper the
function of multiple enzymes, creating lung lesions and promoting
inﬂammation and tissue damage. Some scholars believe that
nicotine turns off the production of tumor necrosis factor alpha
(TNF-a) by macrophages in the lungs, rendering the patient more
susceptible to the development of progressive disease from latent
M. tuberculosis infection.31 In central and western provinces of
China, the passive smoking rate is up to 37.8%, with 31.9% among
males and 41.4% among females32. Therefore, tobacco control
programs may have a signiﬁcant role in TB prevention.
Our study found that cooking with solid fuel is another risk
factor for TB (OR 2.78, 95% CI 1.81–4.28). Cooking with solid fuel
generates two types of smoke: one is produced by the burning of
the solid fuel and the other is produced by heating foods and oils.
Cooking fumes contain multiple hazardous substances, such as
polyaromatic hydrocarbons, carbon monoxide (CO), NO, and
particulate matter PM2.5. Several studies10,33 have indicated that
exposure to smoke produced by solid fuel during cooking may
increase the risk of TB, but other studies34 have suggested that
exposure to fumes produced by solid fuel during cooking does not
increase the risk of TB. The discrepancy in the results may be
attributed to differences in the designs of the kitchen ventilation
facilities, kitchen locations, and cooking habits in different
countries and regions. Kitchen fumes contain multiple substances
that are also found in tobacco smoke and that can increase the risk
of lung lesions, pulmonary dysfunction,35 chronic obstructive
pulmonary disease (COPD), asthma, and lung cancer.36 Polyaro-
matic hydrocarbons in kitchen fumes can inhibit the immune
function thereby weakening the immunity of the human body.37
PM2.5 in kitchen fumes can easily be inhaled and deposited in the
bronchi and lungs. Since PM2.5 has a strong absorption capacity, it
can absorb polyaromatic hydrocarbons, transition metals, and
some other substances in kitchen fumes, and stimulate alveolar
epithelial cells and macrophages, etc., to release cytokines, reactive
oxygen and other substances, thereby damaging tissues and cells
and weakening the immune function of macrophages and their
phagocytosis of M. tuberculosis.38–41 Previous studies generally
estimated the level of exposure of cooking with solid fuel on a
household basis and focused primarily on the indoor air pollution
generated by fuel combustion. Although adjustments were made
for kitchen locations, stove types, and kitchen ventilation facilities,
the time spent indoors and the structure of the building may have
had a signiﬁcant impact on the measurement of exposure, making
it difﬁcult to estimate the actual exposure of different family
members. Our study strictly deﬁned exposure to cooking with solid
fuel – individuals must cook using solid fuel. The impact of kitchen
ventilation facilities was adjusted to improve the accuracy of the
exposure measurement.
Our study revealed that the promoter 221 (Y/X, rs7096206)
mutation of the MBL genes was associated with susceptibility to TB,
and the TB risk of heterozygote CG(YX) was higher than wild-type
homozygous CC(YY) (OR 1.393, p < 0.05). This is consistent with
the ﬁndings of a Brazilian study.16 MBL genes were associated with
the serum MBL level. Promoter 221 (Y/X) mutation can lower the
serum MBL level11,42–44 and subsequently increase susceptibility
to TB. Other studies have also shown that the reduction in serum
MBL could increase the chances of TB infection.13,44
Our study found that mutation of rs6695096 of MASP-2 genes
in non-smokers may increase human susceptibility to TB, while
mutation of rs2273346 did not exhibit such an association. Twin
analysis has revealed that genetic inheritance may affect theactivity of MASP-2.45 rs6695096 is located at intron 7 of the MASP-
2 gene. The mutation of rs6695096 will not affect the amino acid
sequence, but the microRNA it encodes may participate in the
regulation of MASP-2 gene expression23,46 and consequently affect
the serum concentration and activity of MASP-2 and increase
the risk of TB. Nevertheless, the exact biological mechanism is yet
to be determined.
According to the results of the marginal structural linear odds
models, there were positive interactions between rs7096206 of
MBL genes and passive smoking (RERI 1.86) and cooking with solid
fuel exposure (RERI 2.66), as well as between rs6695096 of MASP-2
genes and cooking with solid fuel exposure (RERI 3.70). This
indicates that when mutations occur in rs7096206 of MBL genes
and rs6695096 of MASP-2 genes, the risk for TB will increase for
individuals exposed to passive smoking or cooking with solid fuel.
Behavioral interventions including reducing exposure to passive
smoking or cooking with solid fuel in those with mutations in
rs7096206 of MBL genes and rs6695096 of MASP-2 genes will not
only lower TB incidence from the perspective of the main effect,
but also decrease their risk of TB by reducing interactions.
Our study examined the impact of passive smoking, cooking
with solid fuel, MBL and MASP-2 genes, and their interactions on
susceptibility to TB in non-smokers. Only non-smokers were
studied to exclude the interference of smoking. Some potential
covariates were included in the multivariate logistic regression
analysis, such as sex, age, marital status, educational background,
BMI, alcohol drinking, tea drinking, BCG vaccination, and kitchen
ventilation facilities, to control the confounding bias possibly
caused by these factors. We found that passive smoking, cooking
with solid fuel exposure, and mutations at rs7096206 of MBL genes
and rs6695096 of MASP-2 genes could increase the risk of TB and
there were interactions between different mutants. This is
signiﬁcant not only for understanding the pathogenesis of TB,
but also for identifying populations at high risk of TB, as well as
developing appropriate population-speciﬁc prevention strategies
and curbing the spread of TB.
In this study, we only genotyped rs7096206 of MBL genes and
rs2273346 and rs6695096 of MASP-2 genes, and did not measure
the serum concentration of MBL and MASP-2, which may limit the
inference that the heterozygous mutation of rs7096206 and
rs6695096 increased the susceptibility to TB. However, evidence
from other studies suggests that the mutation of MBL and MASP-2
genes could decrease the serum concentration of MBL and MASP-2.
In conclusion, passive smoking, cooking with solid fuel, and
polymorphisms of MBL (rs7096206) and MASP-2 (rs6695096)
genes were associated with the susceptibility to TB of non-
smokers, and there were gene–environment interactions among
them. Further studies are needed to explore details of the
mechanisms of association.
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